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(54) CONTROLLER FOR GAS CONCENTRATION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To implement the accurate control of the 
concentration of a gas based on a resistance of an element detected by 
preventing a detection value of the concentration of a gas from being 
abnormal during the detection of the resistance of the element. 
SOLUTION: An A/F signal proportional to the concentration of a gas from a 
gas concentration sensor such as A/F (air/fuel ratio) sensor 30 for detecting 
the concentration of a gas in an exhaust gas from an internal combustion 
engine 10 with the application of a voltage by a microcomputer 20. During the?! 
detection of the resistance of an element, a bias command signal Vr from the 
microcomputer 20 is converted into an analog signal Vb by a D/A converter 
21 and an output voltage Vc cleared of a high frequency component is 
inputted into a bias control circuit 40 through an LPF 22. As a result, during 
the period of detecting the resistance of the element, no accurate A/F signal is 
outputted. This eliminates the use of a wrong A/F signal otherwise caused by 
holding previous A/F signals in an S/H sample holding) circuit 70 thereby 
enabling implementing of an accurate A/F control based on the resistance of 
the element detected: ' 
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^) VrJ±v-f3>2 0^6.'D/'A*«B2 11C^S 
ft. CCDD/A?£&g!2 KCT7i-D^m^VblCSjft 
^ftfcCO*.. LPF (D-;U7^^) 2 2ICA*>$ 
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tlZ>. -eLT. LPF2 2»CT7±D^^VbCDii5^ 

sn^aj^m/Ev c 7x«wffliiiiss4 

0lCA7j£ft£. £CDA'-f 7XfH»(elSS4 0rt>£14A/ 

F-fe>t>-3 OlcBlJbn^ns. B|J^. A-f 7XS<liii]|s]SS4 
0^€>A/F-fc>1t3 OICtfLT. A/F^tb^f(C»i. 
0 3l;^-r*#ttJ9L 1 <^T co A/ Flc*f(£ 

[0 0 3 9] Sfc. A'-1'7X©lfflllHl8S4 014. A/Fir 
>it 3 0 ^C0«ffi<DEnJnilC»^ijSn-5«ijStfg$rmiffi^ttl 
ESS 5 OKT&itSL. : £©*i«ttffiim»5 6KTfclii3 

■7<u>2 oicA^sn*. fLT. mss^aaifiigs s o 

7\>l/*-;i/Kls7?S7 0. LPF (D-/U7^M) 7 

C CDA-f 7Xf&IP[s]S8 4 0 c9i¥ffl&mru$t8/SKOl>T 
tttftSfif*. A/F-t>1t3 0\Ztt&$ titzt-f 3 1 

t-^(WW0!S6 OtCT. A/F-t>1t3 0<D 

[0 0 4 0] friz. A'-f 7XJ&H908S4 OCO«mW«$PK 

[0 04 1] @41Zi3^T. /\'-r7X$f]Pl5]SS4 0 li* 
S'lLT. Stp«/ElHl?S4 4 <b. Sfl 1 <DSJI0t*8leIgS4 5 
<t. m2comEE«$&lHlSS4 7<t. SnS&tE[s]g8 5 0<h£ 
*Tf-2>. S«P*JBE0l&4 4fcT. ^m/EVcc^BEffiin 

4 4 a. 4 4 b(C«fc9#ffi3n-S£cogiJsmJEV art<± 

[0 0 4 2] SfHcom/£{&8[HJSS4 5«ma£7,j : D7lHl 
?SKT«Sfs££n. ^ lcomJI«*&lHl?S4 5^bl?«IE 
(Hi IS 4 4 COg£{Smi£ V a £ |ej DIIBE V a #A/ F -fc >+f 
3 OCO-^C03S^4 2(C«SS^n-5. <fc 9 JWWKtt. 
iEffllAaWFtfaaflEKIflU 4 a , 4 4 bCD#/E.S(C& 
^^n^<i:«IIft«iJA^JS^A/F-t:>-y-3 OCO-^ 
©JSHM 2»:««Sftfc«JMMfl»4 Sat. CCDS?!? 
£43834 5 aCDffi^S!S^(--ygA{^$nfe}fifix4 5 b 

<t. zamtK4 5 bcofiuisii^-n-en^-x^^^n 

tNPN h7>y^4 5 cS^PNP h7>xX?4 

5 d tlCiOtSPK^nT^S. NPNh7>y^^4 5 
ccon U^^ti36«JEVcctC»asn. X= -v^li'mrS 
^ttJlelSS 5 0 &MfiE?Sttifittttil&jft5 0 aS^UA 
/F-fc>-y-3 0CO-^CO^4 2IC&l£;*nTH£. * 
Ac. PNP h7>v^^4 5 d<DXS -y^liNPN h7 
>v=X^4 5 CC0X5 yfUZfeffiStl. =JU£:?1±7- 



[0 0 4 3] $fS2co«EE{jyg[5]8&4 7 =b|^^(C«JE7* 
□ 7@S8tCT«lBK$n. L P F 2 2 COt^m/IV c tm 
UttEEVc*«A/F-fc>U-3 Ocofdl^co.^4 llClfcJS 
$n§. .fcOMttWKlJ, IEffi!]A;fr3g^7>SLPF2 2 CO 
tU^tC^^nixh^tzftiHiJA^^ t5«A/ F-tr >1f 3 

0 CDftflTjCOJSHf 4 1 lC^$n^iS5#lS*13§4 7at, 
C4>StffifflB4 7 aOfflfltt^fc-JftMfcttSnfcffi 
15x4 7 b<h. dCDj£jn4 7 b CDftU^lC^ft-en^-X^ 
ftSS^nfcNPN h7>yX^4 7 c£Z*PNP 
v*X*4 7 d<fclCcfc<9*S/&£nT^<5. NPNh7>i> 
X*4 7 cCr>3U-i7^(i^mj£Vcc(C^$n. IS? 
*14f£iu4 7 e^l/TA/Ft>^3 0 COil^CD^ 
4 1l:g^SntM5. Sit. PNP(-7>yX^4 7 
d<DX = yjS'ttNPN H7>vX5'4 7 c COX 5 .j/>K 
S^$n. nUi7^«7-X$nT^^. 

[0 0 4 4] t<D£oUffil$.[Z£.K), A/Ft>^30 
C0-^c0ffl^4 2HU^P#-^mBEV a«SS$n5. 
fUT, LPF 2 2S:^aiLTA/F-t>-y-3 OCOflJl^ 
COSS^ 4 1 IC-Sm/E V a«kD fcH^tffV c 7W=PiJI]£ 
la-Si. A/F-t>+l : 3 O^IEAW 7X$*l-5. Sfc. 
LPF 2 2€:jSiLTA/F-t>-y-3.0cO.ftli^C0«^4 

1 \Z~femEEV a£ K)b&^mi£V ct)<W)m2tl'Z>£.> 
A/Ft>it3 0^ft>H7XSn5. "" ' ' . 

[0 0 4 5] V-f n>2 0«S/H[Hlfa7 0. A/F 
(&5Stigg) ft^ttiWRr/^ihfl^^fflifllL, A/F 
JI^-CD^^H-S. EH*,. S/-HIhI?S7 OtiiSS. V< 

n>2 o(c<ko-y->7 p ;u^sgicis:^$n. "s"/HsiS7 

0 A*£3g&CD A/ F {t*f#iil7J $ • — ?j. _S /HE 
IS 7 0 \1&^fcffl$L\88i\z\-&.-?<i. n ^ 2 0 \Z J: 9*— ^ 

KttJRKsaaesn. ''s/hbs? o^Vii*riHtto* 
>y;H^gg»c*it-r^A/F{i^A5ib7j^ns. v 

-f Zi>2 0^6ttii^. A/Fff^ttlg^fl^aiTJ 

■ $ n, ^^ffifit^iui^ tcti a/ f e*ittta»±«i»*«ai 

[0 0 4 6] ^IZ. ±Mc0j;3{C«?fiE$nfc^j[RIt^ttJ 

i£ sco re ffl » - o i> t ifts^T a . 
coo47] 0 5 *5s^co^jfficojgg8cosi 1 %mm 
izfrfrzA/F^yvmmmmfimmznrz&mitm 
ta^BTflgffl $nt^5?i' a > 2 0 ic-fettsawco* 
-r >;u— ?>s:jn-rxn— — hT&o. ~<oy-r > 
;p-^>i4-7< 3 > 2 0 ^(Dt&jim&mfeizm^mz 

[0 0 4 8] H5tC*3t,»T. $f. X-r-vZ/S 1 0.0 "C 
iW(e](OA/Ftfei±38#^e.^l»fRnTl ^liSLT^^A^ 
7i<fJ££*l5. Bf«P#MTl 14. A/FCO^tiJ 

mmiZttl)la-TZ>WJ\T$>r>T. MXii. 2~4msfgg£ 
lC^$n-5cort<iiST*-5. Xtv^S 1 0 0cofJ)5£ 
^f**«fi£ it L . iffilslcD A / F &tBP#7l> f3f ^0$ Rfl T 1 ri< 
#li3LT^-5<!:^(Zl4X>vys 2 0 OlCf^'fTL. 
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0 CDA'/F#&m£tV5. c El 3 C*t**tt* 

L 1 fcffllvr*©l*©A>F«ffltt»K£Ufc«EEY p 

*>*a/ f -t >u 3 o icewraa n-s. 

[0 0 4 91 *IC. ^f'^S 3 0 OC^ffLT. WH 

bcrbcjc stmrwkr* a ft. a / f ©*<t«*it 

«W/hSV»a«» (3SL*jWE») !Cte2 sec, A/F 

x- y ys i o o-xx-y^s 3 o o©s&s>w»jESft. 

ffi^PfffiflTl OJgiSffiUlA/Ftf&tiiSn*. -7j. * 
T"-y7S 3 0 OCtOfiJfett^lSit/. mbob^pbweb 

s 4 0 0 ic#t? l. *^«td*tHffls*<*fTSftfc<B 

Xf7^S 1 0 OJCROI8I«<0«ia*<«iglxflffa 

ns. 

[0 0 5 0] ace 05©XT7 7'S4 0 0lC*3tt*£ 

[0 0 5 1] H6K43t»T. *f. XT7^S4 0 It 
SiB^T-OA/F^U — >-C*.a*^* t! Pl3fe*^*« ^ 
7 y-S4 0 l<D*l££##Ji!i&U A/F**'J->T?» 
* <h ^ICttX x -y 7 S 4 0 2 IC&fr U • **l*"C©BttO 

mm v P (A/F^ai«m) Ktfu-c*«-iE«©B«=. 
taes£^fc£tt*. -7?. xf^s4oi«)M» 

^StitfT. A/FJWU •y^T&S^ICliXx-y^S 

4 0 3 \zWfrL. *ft3nr©HUJ0«flEV p«c»LTIE« 

[0 0 5 2] ^LT, Xf';7-S40 2SfdiXf7? 

5 4 0 swHijjommro^®!!^^^ 7 -^"^^ 3 4 04 

7 /S4 0 5tC&fTLT. 4V, 4I*ffll>t*flfiK 

R^jfrnsft (r=av/ai) . *-y-^;u— ?>s». 

773. 

[0 0 5 3] 07 (a) . (b) (JA/F-tr>-y-3 01: 

Epunsft-staii (l p f 2 2M£ro!is;fr«J£Vc) © 
\&Bt^<nwtonf£iz&^rA/F-t>V3 0 fcfiitfts 
-fe>-y-m?swi£^i:*^7. ::x-. a/f#'J-> 

(A/F=18) C0i#C(i. 117 (a) tC^Tcfc? 
IC. A/F-t>th3 0^©B1J&0«ffia<2E{b*AV£t*& 

n \zm ft a ft . - wtiif fttcmt- * - t ft 

= a (V) Rt/-t>-y-mfS=b CAD tt. l3fl.Sa, 
bi:fflSOTl>5. A/F#'J-y7 (A/F=l 



3) ©tSlCte. 07..(b) .C*fJ:;5C. A/F-t> 

tf3 o^roaiDamjE^kSAVfc'itiEWicsfliaft. 

-fe>U-«ijii=d [A] tt. EJ3<D&c, di:«Sl/TH 

[0 0 5 4] «J->-C*ft«ftfl1^«/ES 
it. "J •y5 i T*ft«IE<R«'NSEE^I:aft-fe>-9-*ffi* t * 
«& Sft*fc«K cflD-t>lMtaW««8WftlHHII 50«y 
-f-f-=-y?U>v (g|3#pa) SrSA*Citt/«t^. 

[0 0 5 5] -73, C©«fc3KL"C#»Sftfc*?»!ft 

o#&*«S?£ttft:i/T^£®ffi6-o ccicttteu 31 

TfittR=3 0'QI4A/Ft>^3 0 #+»CBtt<fcb 

Tt»*a*7 o ox:ic>tiBi/"C^*.. *£t; t— 

«|;B UCtt. . »IU S ftfc'*^ ««tR"fA/ F-fe >u- 3 

tf. 30Q) T£*6lC&gfr t'-* 3 1 

(OjSmfiA^*6ft. t-^3 1 KttTSaStfxa.- 

' ^tt««*ft*.>%. b^7V-f/5***m# 

: [0 0 5 6] &lc. *5B«'o'*J6<o»iB©* 1 *B«K 
A/F-fe >*©««»■:*<«]« a ft'fc3S«tt«a 
' ' 3SS"CffifflSft'Ci\'S7'f'3>2 OOWBCfcttSB^ 

^wic^it-s^o^^Bsaft-cfco, 

; [0 0 5 7] 09lr*iV^T. Xf77'S : 4 i IT? 

s /HESS 7 o ic.ts.u- >7;w^-;u H*«*«-tft*T? 
/Fit^stsafts (Hi oowatoi) .' *Cx. 

Xx-y7S4 1 2tJJf36i»IBT0ljWBif 
(H10©Rfiat01~»«t02) . Xx-y7S4 13IC 

^.-frL. gi6ic^-r^}£tt^tBffia* ? *h-afts. ^ 

!CX7-y7S 4 1 4TJA/Ft>*3 0 ©ttST^IMM* 

(B 1 0 <D9nm t 03~fBf^l t 04) , Xf77'S4 1 
5IC^'ffU. S/H08 7 0i:i5-*>7"^*-JH { * 

(El 1 0 <OB#^J t 04) . *)l'-7>*^Tt" ; 5). 
[0 0 5 8] CCDiOtC. mmwEPHofc^ 
i^^+wa/f (K^iSS) lc^i;fc-fe>U-«ira 

(*8EB^) €:lii*-r-SA/F-t>*3 0©lHW«Br 
A/F-t>-y-3 0©^^{£}nRCO^tt5B#lC(i. A/F-t 

>it3 oiztn-tzmfcg.itzmtTzt&iz. -tnetw 
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<d a/ f tcts cfc-t >-*tmmz ± -5 A/ F fl^ £&jrr 

[0 0 5 9] o£0. A/F1r>-y-3 0©j|?flSfiR4 

<S5-£>7><. ClOi^lC^A/Fff^fe^ftUT 
L^ofztb. ^©if?)A/F{ifliSfl)A/F|ifT 
tttt^dtKft*. Lfc7i?o.T. A/F-fe>-*3 0£ffl 
^T^ffittR^ffi-r^tlrirti. A/Ft>t3 0 

^t;-r^«Bii<^A/F(i^5«w$n^. cnicto. 

= >yws3wt)<D»<«^$n-5fc*^-DfcA/F{i 

[0060] <fU5S0j 2 > -aiz. *%w<ommv>Mm<n 
m 2 *««ihc3&»a»4 a/ F-t >-y-©iww«B*taffl sn 

fc£*8Jt&ffi&ET<seffl sntl^T-f a > 2 0 ra'MW 
(C*3tt^^fiin^{±iro^S^«S«:^-rS 1 1 

[0 0 6 1 ] 01 1 K*5l>T. ST. Xfv/S 4 2 1 

jfo^&JUjhttjSKiajesn* (01 2»u#sijt id . * 

IT. Xfv^S4 2 2TI9rimnTII*<iEITS&'C 
fSoT (01 2©Wf*Jt 1 1~P#S>J t 12) . Xf7yS4 
2 3l:#ffL. 0 6lC^T^}2ta^aiMS^fT$tl 
•5. ^lr7.^-v^'S4 2 4TA/F-fe>-tJ"3 OCOttl^S 

STt^T (01 2OTB$£i]t 13~B#8jt 14) . 

S 4 2 5 \zWn L. A/Fffl^*tB«PBI/*i[±"fli^SI 

±«J8^-6flFBitt»i:JSftanfco% (0 i 2 ro^ai t 
14) . ?>t»7-r*'. 

[0 0 6 2] COT«tr>(r. mzmmte. W£(DWMiZi* 
t>#^fOA/F (tt*ME) CftCA-Olhliit 
Sffl*T5A/Ft>*3 

A/F-b>t)-3 Oco^T-iataROTfettJKJtclS. A/F"fc 
>-y-3 07d>e>cr)A/F^fc;i;fe-t:>-y-m?j5ElZ<i:-5A/F 

[0 0 6 3] O*0, A/F-fe>-!t3 O^^^ffitnRSr 

S-tt-SCO-Cfe-a^. dWi^lCliA/Ffi^fc^ffcLT 
ISot*. CL<D<i:#(7)A/F{I^«»C0A/'F«^T 
li&UdtlCfcS. L£7)*oT. A/Ft>1^3 OSffl 
^TMK R £J*U]-r * £ * iCtl. A/ F ft ^Wfigffl 

a^ihsns. cntzio. m^f&tn^thmiz$,-oT 

it, A/Fm^<B<£fflA<R±5*n-5fcs!>S5ofcA/F{f 

[0 0 6 4] <KSS0i| 3 > &iZ. *RWV>&m<DBm<D 
SB 3 H*gf«i;A^« A / F -t >tf«iWW«a*«iBffl S ft 



fc2S«Jt&ffigeT?{£ffl£nT^5v-f n>2 OOffl© 
KfcttS^ffifit&aBCDfflgftfl^-f 0 1 3©7D- 
^r-HcScft, 0 1 4CD^-1'A^r-KS:#PflUT 

*fc'. ^JSfiSJ-CttSlfROA/Ffi^'J y^-«*»6'J 

w-r*. **jfiWTtt. 0i(r^-r=t-5tc. s/h (•**• 

>^Ush— )UH) ESS 7 0 K L P F (□— 

>) 7 ist^la/f (ffiatisso m^«tii^-rs«t 

?frtg&. A/F^i^ttiim/^ihfl^lc.fcO 

a/ f [i^^nsB^ii^-^^jffli-r w^t* 2). 
[0 0 6 5] bp*.. 01 5ic^-r«t^{c. skwa/f 
[f^*^t;U-Tus<i:#Jcti'. s/h (-y->y;u*;-;u 
K) (h1?S 7 oicx*-;uK«gs^«?^$n-^>y;i't*cSg 

iSntP^^t. L P F 7 1 ff)KSl;<t 0 A/Ffl^A* 

mmzmisTWj.^m&tf&z. -rzt, a/f«^ 
i:lpf 7 i ir«t-5^^afi$n^tt5<i:/«ca. 
[0066] &tz. 01 6ic^-r«t^»r. fl-getga^n 

£ L P F Jd «fc 0 5 A/ F ft^-** L A/ F {f?§- 
^ffltl : ^I/*lltfI^«*-(C«fc 0 A/F«^*«tH-r* 

figtt/)^-5. CODigKfcY A/F{I^(CLPFJC«fcS 
7j:iL^lI$n^tlii:^. // ' • ' ' 

[0 0.6 7]"C10J:5/«tT*d«C**fflV*t* : *BI 1 3 
l:fcHT.- Sf, 7f -y^S 4 3 1 T S /H 088*7 0 tC 

tl5 (01 4"ro»#gij t21)' ." r ^lCX^-yys 4 3 2?Z» 

fTbx. a/f (mmmm) mn&m&*]/M±mn& 
¥f<sjVimfr*>M±Vimzta>iZ2nz> (0 1 4 onm 1 2 

1) . fLT. Xfv7S4 3 3-Cf9f^U#P B 1T21^*lia 
_t5ST^T (01 4COB$SiJt2l~B$SiJt22) ,-Xf 

7^S4 3 4 ic&'f? u. 0 6 tz^-r^^ fsst&aiattiiA* 

l^fT^n^. ^(ZX^-yT'S 4 3 5TA/Ft>1f3 0 
CDdi^S®)A<'R$a*T-OTlfifr B 1<i:LTC0m^Po1T22^ 
«iti*T»oT (0 1 4 WS^^i t 23~P#SiJ t 24) . 
Xy-v7S 4 3 6 S/H1hI8§7 0(C«t •&+>•> 

£5n5 (0 1 4<D^m t 24) . ^tC^-y^S 4 3 7 
l;f^?TUT. A/FII^l:WT5L PFICt^^tS Lft 

ii-rsST'tfoT (0 1 4 OTP#£iJ t 24~l$£'j t 25) . X 
f7 7"S4 3 8IC»ffU. A/Fffl^ttttUfBI/SllhW 

nAm±Vim^&*ivimzi&?£.2n (mi4<nwmt 
25) . *ju-?>^**7-rs. 
[0 0 6 8] dco«fcoic. *HAses]is. SBEcoenjraic^ 

(tlriSd^) ^Jli^-r-5A/F-fe>-y-3 0 (DUm^t; 
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A/ F -fc >U" 3 0 ©5Hi4£tn R ©IfttHftC tt. A/ F ± 

©A/ F Kfc C fc-t A/ F {g^£«J# 

U A/F-fe>it3 6a»6«>A/FiriE:Ufc-t>"*<*' 

\Z «k 4 A/' F if 5f©&ffl £»ltf 4 *>©-C» 4. 
CO 0 6 9 ] O*?). A/F*>-»3<)0*Tffl«R* 

stas-rafcfcK. ffinitffissMfcs 

L£?fc#. C©££©A/F<t^ift©A/Fte#-<: 
IJftl^tCftS. LittfoT. A/Ft>tf30^ffl 
^■CSR^attRfttttU"*"*^*^** A/F-fe>-tJ"3 0 

ic*tt««**fc*«awiis*i. **«tt«tu©fc*«i£ 

*f CftCfcO. J|HHS«t«BttK*oTtt. A/F« 

© a / f m f$<Dmmm± s n4 fc©ts -a a/ f 

[0 0 7.0] . (*M0il4> fcfc.. «W1«>MS©»««> 
fcS«Stfc^SUI£BT<£ffl $ hT^S^-f 3 > 2 .0 <DMW 

risttssR^ffittttaroffla^wtw-rHi 7©7D- 

[0 0 7 1 ] Urf. 01 8fc«HLT. V*f 3>2 0© 

[0 0 7 2] HI 8C*JV»T. -?-fn>2 OtC«fcOA/ 
F-t>-t 3 0 Srffl^T. **©K#*flit (A/F) &i±i 

t#BTr»fc*ctt. 'tn*«J»«>«a»»* , <* e 

ft*. Hl%. SaUrt^ "0" £UT*T.fc5C 

Bit (a/f) &tasaa3 t c*?ffitt*ta«i8) t c* 

n^^^tcttT-f n > 2 0 ©fySrtfSfc*^*. 
[0 0 7 3] cnt*tLT. 5aart« "2" (h LTt^T 

os^iaia (a/f) &UJ3&JI] t c*T««t«a» 
a) <t^pi-©ffla^"f = >y-e3i?T2n£ii£. £fc 
tisaart^ "3" tu-c^-r m?t-w%. (a/f) &tts 

$ -i" tux** cisjm» (a/f> mm^m © 
©atr-to sa«tt«ttitt 

> yT«fT##«fc»S** , ' l,: LT^©<t!l©S&8£II 



[0074] AfcttKH. Hi7cav»-c. 

^S110 Otf«»M»«JW©»f«^nT32. T.33tf 

Bcesns. w:xf77-s 1 2 0 okimti/c. *b 

©A/F«B»W»6»r*«WnT3l«««ilx'CV»«*OT«l 

^$n-5. cvm&mTiv*. A/F©«aHJ»K« 
■a-r*»nnr*o. 

tft:S4msggt*5. *x-v?S 1 2-0 0-WRJt 
p#F B 1T31^iiiT4<h7.x->yS 1 3 0 OKfttrU 0 
5©7>X-V^S 2 0 0 £|B]«lfcRUW«- (A/F) &fcti 

i p os»«»> *««a*n. WROMrtcB»**i. 

«1-4ft«tli«lO©A/F^lHSft4. £©££. 
H3(C*f4#tt^L 1 Sffl^-C-tWWfOA/FWfflte* 
K»Si;fcilffiVp*tA/F.-t>*3 0KB>tti«n«; 
[0 0 7 5] *x ' v 1 4 0 0 ClWf l/T. Rff 

A/F-t:>-9-3 oowi8ttfl:«'n^ tf ''' 1 ' 2 - 8,n 
s cwean*. »7s 1 4 6QTrBfjw«T32*« 

• «3aUT^*t*C»4. S 1 5 0 ; p.K»tT 

. v ys 1 4 o o^mrmmn*<mww^ [z 

' \i l 5 0 OifiZ&y ^"Sti4.; tC^r'; 

ys 1 6 0 0 li*ff L. Bf««rlBT33*»iBiU'C^4^ 
*«WfiSn"4. C©m^S#B3T33tt. •Tt-if.lOWW 

T3i© 2 »©»WKwean.' A/F-t^u- s oow 

JJf36PWT32tlWeP»l«T33tttWi;i 2 8rasT*S 

saa^ < s > ^ t fc & *v»j: 5 ;^«6'> e bxft 

Xf'^S 1 6 0 0'TrW*»IIBT33*»«iftVT^* 
tilXtt, Xf'^S 1 7 OOlC^ffU, A/F-fe>1t 

m^^SfW-rs^k-^^Ja^*^ 5 ^- fc 

*3 7f7^S 1 6 0 OTRrt^^T33^ii.UT^fc 
^t*Ctt. 7,x-y^S 1 7 0 0*<**-y7<*nfc© 

[0 0 7 61 ^©iotC mffi©EPftlK# 
^*^«t»OA/F (»3IS«0E) irf£r>Ufcfc>1t«St 
(«»A«) fctH*T*A/F-fe>-*3 0©MWS«-C 

A/F-fe>^3 0©^E^R^tUT4fc*©J!Lat 

A/F-tr>*3 o 4»ia-r4fc*©ffiat©*h-^-f a 

[0 0 7 7 ] LfctfoT. *t>*lr»»a3"fS>^T?* 
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mwmr* a/ F&&9&m£mmiz Lx-e-^ftuw^g 

[0 0 7 8] <^iS0i]5> #8^CD5gjBS<Z>J&$gcD 
m 5 HJS0i]tlA^-5 A/ F -t >-y-OTSilffll^g^jSffl $ *l 

U 02 0 (b) \i*mmi<D%iit&MmZlJUX.tz^m 

CO 0 7 9] 121 91C*>HT. ^T77"S4 4 1 

^StBSn^. ^l:XT7^S4 4 2lZ^Jf U A/F 
-fe>+>-3 0<O#ia4>T$.-5^A^J^$n^. 7f7 7*S 
4 4 2<OfiJ^^p£jiU t A/F-t>tJ"3 0 
T-&£<!:#K«:3.7^:/S4 4 3K#ffU 3?t7-f£in;& 
.' UaoSEfCSfHISffidRAfdRO' (fiSJ^lJ. .5 Ofi) \Z 
ISl^Sn^) (02 0 (a) #.qa) . -75. 7f'yyS4 
4 2 <D«Jfc*fra<|5fcii-tf«\ A/Ft>t3 0 (Off fift 

. 7?£, fin?.. A/F-t>-^3 o*<«tt<biaataLT^ 

« L2\Z\ZXt-j 7*S4 4 4 K&frU 3?7l£lri£im(it 
OXflsStMIStt d R A<#Ma* © d R 0 J; 0 <hS ts. d R ] 

10Q) »cKj6Sn* "(H2 0 '(a)> 
SH) . Xf7^S44 2$.tz\t7. s rv7S444<r>®:m. 

4 4 6 CftfrL. ^0©*^«SiR*t»ll.ig©*^«tt^ 
' 6^fbfifMBBfildR*ISx.T*#t»<l:&lwtt. MlUcD^ 

^*6»iRlcH»*.&n. ^HOTJfmSRRMWEI 

©s^ttEBt^eafbsiwiBiid R*aA.T/j^v>t*i: • 

tt. lffll3<0*^KIfta»6fcfb*ISIBttdR£«»Lfcffi 
^7»<^@<©3&7J£]fiRlcB&* #.n>— 
>£ft7T-5. Xf 7/S4 4 5ff)^ffM 

AL.«»ftAtKfbSMIB«d R«TT&-5<t#»Cte. * 
T7 7"S 4 4 6 ^*77"LXf7yS 4 4 lTl?tb£ 
nt4-lHl©3S7-}£tt R £ t LT*;U-5=- >£ft7 

r«. 

(0 0 8 0] c<D±oiz. ttmmi*. nizomhMzft 
(wmm) ^tb^-r-5A/F-fe>-y-3 owMffliKST 
a / f -t >it 3 o Tttta s ^7Sfit r ic*rr * ^fb 



11 V-y 



{0 0 8 1] L/tA<oT. A/F-fc>1t3 OOsSsT-ffiiri 
RcO^bdW^KIffiW^bS. BP^. 02 0 (b) 

020 (a) ics$n?>«t^(rH®5n. A/F-t>-y- 

3 o Kzzfflwoi&nmiB&iEfttiimzmisbz c tan? 

#•5. O£0. A/F-fe>-y-3 0CD^7«fJt^aiB#tC*3 
HT. -t>-y-{I^i»/MI^-C^-5Cl<i:Tl*J^BI(75il 

Kih^ns. HI*.. A/F-fe>-tJ-3 0<75^7ffi}n^(b^ 
CO 0 8 2] *^JSfi»lfi. KfbBMRffidRSffi 

/ f -t >•» 3 o e>m=?-t&m r &^7<sEffl ttanrti: i; rm 

Wj:*{bawW*«HH«t-3TA*act*«T**. d 
©fc*. ^7SttRW^Cbfif&llSlBdR0. dRI £A/ 
F-t>-y-3.0©ff®®i^lC[SI6T. «Atf. '"C3««H 1 . 

. 0OjHEttJ8IC«t0K3EUTA/Ft>'-9-3 OlCttLT 
ftfilvfcWW*SliEfT*-a-aC4:*«T*i. ... 
CO 0 8 3] =*l,T. *Xffi0<ltt. K<bftfMRttdR£ 

. A/F-fe>-9-3 0 <&JSL, A/F-t 

BP'S, #?g^<h#iaft7^TA>F : fe>it3 0(D^7}£ 
fiiR\Ztt?Z>£<t&<Dm®mWZ&A. : bZ.£-?.. A/F 

±>? 3 o'«cK*anTtv**«iiSttfb*5««s*a:*< 

[0 0 84] <^£Eesj 6 > ^IC. *f&W<D&m<Dl&i&<D 

a5 6*»«t*»^aA/F-fe>-y©i«»«B*«affl*n 

fc^tfc^tt5^ST , {SEffl2nT^-5T-1'=l>2 OOT^iei 

jc*tta* , ? i ffitt«iaaoiaa^w**"rH2- 1 070- 
^«0 1 M04 ti?it»-c*o»«<tBiw*««Ta. 

[0 0 8 5) 02 1 IC*3t/^T. Xt77"S 451 

A<*ttiSn*. ^(CX^-y^S 4 5 21Z^ff L. A/F 

-t>-y-3 o«>i*iai»-c*4*^fijffisn*. x^y^s 

4 5 2 0tl]£'ftfl:A<JSED:L. A/F-fe>tJ-3 0C75#S^ 
T?^-5i:#»C(i7.7 L ^yS 4 5 3»C&f? L P F (D 
-/U7^;^) <75*-y h^-7j!3Kgcd fc rt«d fc 0 
iCaS^n* (0 2 2(Cjn-r#ra*ir*3ttS^7-ffiifiR 
<0«>-*»*Sfc£ftfc!H) . -7j. Xf7^S4 5 2©ifi| 

Ssfeft-^BJtic-d-r. A/F-t>-y-3 o<o#jsft7{^. fin 

A/F-t>+h3 0rt<fS<4fbiatSlCSLT^-5<i:#tr 
BXf77"S 4 5 4(C»ff L. L P FO*7 
gCd fc t)<d fc lir33^$n-5 (02 2{C^-r#fSft 
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7&lc;Btt&^7ffittR<a/]N£fc^l>J#P.a) » 

S4 5 3$fcU7.x-vyS4 5 4<7)jaaro<D*,Xx-V^ 

S4 5 51C^'(tU. 7,x-y^S4 5 lT^taftlfc^ 

Co 0 8 6] z\<d&o\z. HJ£OTWjntc# 

(mrifLii^) sajW5A/Ft>it3 orosfflgirc 

A/F-t>-tf-3 OT^ttS^n-g.^T-tfitaRl^tl-. LP 

[0 0 8 7] ItAbT. A/F-fe>it3 Oro^T-JSin: 
RO^b^l^^aliro^tSii^Siptw^lE^n. A 

/F-t >it 3 o \z ^zmw^ft^wttft^^ft 

tt«flste»U-E+»«el6»tt'*l»?L p F^JiiSS-ti-s 
5icT'#3. tl/T, f»/hfc£flsC«fc*ISS*Sttfc^ 

[0 0 8 8] *fc. *3WSfltt. LPF..(0-/U7^ 
gE-rSfcW-Ci&S. UfcT^T, A/Ft>^3 0© 

jsgsfcatfts-a-*. in*.. »^»«tttaraii*ft« 

LPFffl*7 h^^^i^Scd fc 0, d fc 1 SrA/F 

-t>+h 3 oroFf-iavtSitcK^-f. flMio 

05H*E^filt-«kO^3g$n5. cnir^O. A/F-fe> 

■a- 3 o \z n u r * * u ww £*?t $ tt s c t tftv * 

[0 0 8 9] ^11. LPF (U-/U7 _ 

*^*> (Dil-j h*7Hft»d fcSA/F-fe>lJ-3 0 
<DJMB«P"Ctt*<l9*U A/F-tr>^3 0W#rS^7 
?£T'!ifK<a£5rr-5*>CQT£>S. BP*.. A/F-fc>+>-3 

PFtA/ F 3 0©ff»l*7«©*^«tt*fl:t: 
«L+»fc^ti*»^>L P Fi^^ig^t^iS^Tft 
T-fflM5:i'C. A/F-fe>t»-3 0»cS*SnTl»5 

[0090] mti&mi) -mz> -A^m-Mm<Dmm<D 
% 7 %m>\\zfrfr% a/ f -t >u-<D$ijffli^s/» ? jSffl s n 
fc^itBttb^isx-r^ffl^nTv^v-f a > 2o©«» 



'fc*3. *HSS0il(7)^Jt^ai^fiW«tBS^B)c 
[0 0 9 11 12 3 IC£^T,, $T. ^f77"S 4 6 1 

iiaisns. *t;xx->ys4 6 2iz»ff u a/f 

4 6 2©W«*ft*<«StL. A/F-t>*'3 OOWP 
-e^-5>i:€lCttXT--yyS4 6 3{C^tU. 3HH£irL& 

mttro«ft*fMISatldR*<dRO ' («*.«• 5 0Q) »C 
(13 2 4tC^T#S^CfcttS^7i£iaRro 
-^*£&gSl#P.a> • — Xfy7*S'4 6 20HS 
^[*^fi£4-li-r. A/Ft>1f3 0ffl#fiJI7t. iD 

^. A/F-fe>u-3 ot><mMmmzmvx^z>£$\z 

»](BffidR7S«#ia*rodR0 «fcO/l>SfcdRl (Plx. 
«, 1 0Q) KgStStl* (02 4^T#fa«f C43tt 

tlJXf7 7'S 4 6 4<DSaS^t>^.7 : -^'7'S 46 5C 
WtL." fli]0W^ffita*^7.7 i y^S4 6 lTJUtiS . 

figffid ReiT.r**** f *BES*t6'-'.^.?'.^' S 4 6 5 

f ffifiR ^iHiroSf ffitfi/i>t.»kISIMd R 
T*'ei»t.eK:ii. ffimnm^t&mz&it&M&md r 

*UaJ|[Ufcja»t«**4E©jR : FttlftRK:«*^.sn. * 

flsftiMI&ffid R Lfc«ft«* t 40©*f'«ttRC 
St&ASnS. -3..' Xt77"S 4 6 60«ft*tW<* 
jiU^(iA ? ^t;SSIS{adRUAT-CfeS<!:#»c(i, X 
.f77S4 6 6 5X^7"Uf77-S4 6 lT^tBS 

nfc^isjoostT-ffiin; R^ssts na.^cxr <v 7 

S 4 6 7»^fTUT. JHUanfcJR^ffi^R^LPFffl 

[0 0 9 2] Cff)J;5i:. *J£WEnD0ir[* 
nJWX'PfA/F KirXfc-fc>-iJ-«BS 

*m*-r*A/F-t>u-3o«oiwwttii-c 

BiMK-rSt^lw. LPF (n-/^7-fiW^) 43 

[0 0 9 3] LtAbt. A/F-fe>U-3 0<7D^7ffim 
ROTSfkA < n : $«!Ha>^ftS<i:fcS«fc-5«cMK5tl. ^ 

ol p F2is$nafc*A/F-fe>-t}-3 o\z£.z%m<r> 
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fgffiMA<&® 5 £<h7i<toit£n*. in*,. 

A/F-t >■$- 3 o w^jgfit^ft^m^wtsiaro^fcfi 

[0 0 9 4] (SUSfisj 8 > &ic. *3&W<Dmi&<r>j&m<D 
\z^^m^i&tmiii(D^m^m^7n-rm2 s<oyn- 

*ttH 1 75M04 <t!tiaTfe0^aB/«£UiW^tfBS-r-5>. 
[0 0 9 5] 02 5JC*3^T. if. Xf-^S 471 

a^tijan-s. x.\zxt-v7s 4 7 2\z&ftL. 

ftZtltzmT&Vit (n-l) (HlrtnSTCD^}£iri<t(0 
nffl©*?tttta«FiSiffcS.n« (0 2 6 KSTSK^IStt; 
R«53f^"fS05/hSntSlft#Hg) . WZXy-vZ/S 4 7 3 

ic^fTLT. (n- i) aiw«)*^ffittJi<«i!an. ft 

■y^S 4 7 4C»ff LT. Zf-v^S 4 7 2T¥^ffcS 

coo9 6] z\v>£v\z. *&mmi±. nEEvmmzw 

(*8S«^> €rtti^-r^A/F-lr>+l-3 OOM^IT 
Jot. m/E£{fcfiAVKf*31g?jg&{bttA I 

A/F-t >-y- 3 o -c&thztizmwwm^i&ttiRzw-ts 

{fcT-5t>CDT&-5. 
[0 0 9 7] Ltztf-oT. A/F-fc>+r3 0CD3fl^J£Jn 

-5fei6A/F-tr>-tt3 OlC^SHiJp^fTlulIi^iE^SiS 
EtC^)*-5Ct^T#2). 0*0. A/F-tr>-9-3 0 CD 
*^ Jfittttm«C*J t »T. -fe >1ffI^A<eS'hfi^-C* S 

€<nncsc<hA5K±3n^. in*.. A/Ft>it3o 

j&SSILU^&o\ZT'2Z. ^l/T. Sa'h&SfbtCiSgs 

[0 0 9 8] <%ig0y 9 > iJctc. *Rm<Dmm<n&&<n 
m9mm&iizfrfi*z>A/F-b.>v<Dmw'£&t>mm$n 

(z4ott-5^^-}g}A^aj?sizA/Fi3>-y-3 oic«-r-5F-n 



Unm/ESSSOjaS^BSSr^-rS 2 7(07D-ft- He 
g"3#. 0 2 8©MAft- h^#BflLXift^-r-&. 
ft*5. 02 8 (a) te*3g£S0iJCDflUii£2?L. 02 8 

(b) ti^JswcD^^yiaiRiEia^MKi&iiuA^^ig 
sweiBS«5B£^ii0 1 71II4 tmm-c$><oumu.sam 

[0 0 9 9] 0 2 7K43HT. if. ^fy'^S 5 0 1 

-cA/F-t>-y-3 OTA/F.^eitts-rst^irffjjpari 

WAtf. 5 0Q*i<!:&0A/Ft>t3 0A«t5(Jf§tt 

<75W^f*^p£ja!:-r-5<»:#IC«. X^y7S 5 0 21:8 

(02 8 (a) lt^T#ffii&7&{C^t5V-;/73§iRCD 
H^#P.8)' . Xt7^S 5 0 1 ©WSftfr^sKSS: 

L&Ut^dfi. X^-y ys 5 0 3lC^fTL. ^-Oit. 

7 7'S 5 0 2ifc{JX^-yys 5 0 3 JC<k5J&ScOCD 
*,. XrvZfS 5 0 4iZ&ftV. mtR.2tlfzftitiamE.T 
v7\zm-32 A/ F 0 lCEPiaf_£11H#|f ffi£ 

[o i o o] croi-sic, *ssgG»jte; wznmuizft 

*' (miS«*t) *m*T*.A/F-t:>-9-3 oonnetK-c 
,»?T, A/FSr&ajT £££KA/F-fc>+>-3 0 JzEfl 
Sfl LtlE^. A/ F -t >1t 3 0 CD 3!l7-ffik RSA7^ 

[0 10 1] l/fcAbt. A/Ft>U:3 0TA/FS: 
^ttJ-t -5 £: # IC A/ F -t >-y 3 0 (ZEPflP $ tlfc 
^ffifitR S:/^ / — ^ £ Lfz V ^tcScf t&<t2 n* ' 
#ra**7?tT^m^ffi}nRcoS{t:^'>/«£^iLTv 
•^y*<ll^an-5^«)A/F-t>-ti-3 OtCfc-SfflPOTlS 
ffSSH^IE^«SS{;^^c:<!:*<-C^-5. t>*0. A/ 
F1i>+)-3 0<nm=Ffcifi8iliimiZ&{,\T> -tr>+HI^ 

fitfa^'SM <t ^ c t ^ ^.-t >-y-icenjjD a n-sta/ia* 

"C#5. BP*.. #ia^7{gTliA/F-t>t»-3 OCO^c^ 

[0102] (nij&m i o> ^tc. *5giy]co^ij!(Scojgfi§ 

CDffSl 0^£SWlCrt^SA/F-t>-y-cr)^liip^S^iSffl 
anfcS«5lt^LilKS-C{3ifflanTt»-5V-f n>2 0 CO 
$fli!P II tt « 5g -7-!f£trt fefe tBf^lC A / F iz 3 0 IC*lf 
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^mim&mwS&m^m^mtm 2 9 <d? a-^v- 

[0103] 02 9C*5t>"C. ^x-V^S 511 

£41. ^{Ett^t/jfa^l^Sn*. 7.x-y7S5 
KliXx-yXS 5 1 2C#frL. JS^ffitt^flMB^f^ 

•y ^*<aiRs ns (0 3 0 cstv y ^as«o«a«^ 

<D»tflMH) , *x-yXS 5 1 l©***** 1 * 

•?y?miR&mz£r>x. aujomjiv -yTwaftsns 

»a©©ti. ^T7^s5 i-4K»ffu. aiR^nfcEn 
-y 7Kgo-#A/F-fc>-* 3 0 Ksiftrr*«ffi 
*t»msn*. *e*yv7s 5 1 BKiMftt, ^0 

jIv-y7-MiRl-ffl''^fc*<"^ 5n > *JW-^>*» 
[0 10 4] cradle. #»KWi. «ffi©8iJnK# 

(.mms^) tm*-r*A/F-t>-»3o«)iw«6B-c 

^T, A/F**ta-r*t#lwA/F-fe>lJ-3 0KBl 

[0 10 5] Ufc^oT. A/F-fe>1i-3 0T'A/F€: 
ffiT 5 £ £ K A / F i: > IT 3 0 KEPiO 5 nfcttffi*<* 

*f. c«ovv^*a«R-r4t#©«jeKtt. a*. 

A/F-fc>-tr3 ooalff 
«fc o \Z £ ni. fc* A/ F -t >■* 3 0 \Z £ *WW«)*tT«S 

j -i xa<st«sn. aman^as^ ffitfwa 
5i nn*,. A/F-t>^3 0 ©*#tt*^»K*fb*<* 

[0 10 6] (ftK0U 1> *589.a>*W&#» 



?,M«ffi«^sas#«ss:^-ni3 i»7D-ft- 
h«ia^*. 03 2©*^ A^^-y-^pmLximir 

i7i»sii4<hiBi^t?feoi$aa^saw^*5 | S'^ ;5 ' . 

[0 1 0 7] 12 3 HCfct^T. ST. Xf'y^S 5 2 1 

an, *^««o*fls*rt* c w** n *« .^ V ^ S5 - 
<y y^aiRS n* ■ (B 3 2 i-^t"? -y ^a«©ssa«^ 

<0»ff#!H) . Xx-yXS > 2 1 

(H3 2 t«-rvy^HR©9Sfffi#!H) : - V - /' 

[0 10 8] ^7S 5 2 2itliXr^S5 23 

ic«t a'BiftrfWEv -y -m.mm.<r>p% ... X-r *y Xs 5 2 

*~4 K»IT U A/ F 3 0 TA/F Sttttrt;* <t€ 

Misfit u-cif^^flsssn*. cct?«, #ratr«to 

»^««3WIA«.- 5 0 Q*®tU 0A/Ft^.3 0 

SwBKSttftWiK'a v v* a na ';. "X t v 

7-S5 24 ©flftfcff MfiSrt" ^ t XT -y 7 S 
5 2 5C»fft> B5E*friaA««ffl»«^ v ">^* tai 

<DH^» . Xr-^S5 2 4^IWf£ 

5. ^CX5 l y^S 5 2 6C»ffUT.-»RSnfcB'» 

mrnv -y xic*^ a/ f -t >-y 3 o .caiflrrs^EE** 

»tU5nS. ^lZX^-yXS 5 2 7lC»fftT. ^H© 

[0 10 91 ccoiotc. *nmu. mi£<Dwmzft 
(*a<i*> tu*-r«A/F-t>u-3ooiM«6«Tr 

^t. A/F*«Ui-r*t*tA/F-fe>U-3 0KHl 
iDLfcmffi^. A/F-fe>tj-3 0W^fitaRS;^^^ 

<h ut^*k«s n^v -y ^natJ#SEft a 

t^tc. A/F-t>-*r 3 0©#ia^T^Ti±Hfita^-yX 
[0 110] LfctfoT, A/Ft>*3 0TA/F4 
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Siart-S 1. 2 \z A/ F ir >•♦*• 3 0 tceniaS t\1zMf£tf% 

iCtC A/F-fe>-^3 O ^SfSK^^lC^tifc 
£■51;: 2*1. #H**7{rm^«ftRC0&<b7W«£<,> 

t y y^ias s nsfc* a/ f -t >-y- 3 0 \Z «k -5 

Sflffliro3lfT«5ll^IES«5|llC*rti*-5>c:<i:^T€-5. o£ 
0. A/F-fe>U-3 OWIg^Jgtn^tiJf^lCii^T, ir> 

HM¥WtM1fiXm £ Htt Z> Z. tfr 6 ± >D-\zWto £ tx 

EH^. A/F-t>1t3 0»#S4>-Ctt 

ttSR^fiStSEflSJWjRfiatiSCiTiEIIWtllilWIBHta 

(0 111] tC^T, ±E*J6«-Ctt. A/F (g& 
It) £&iflzgg(CJ&Ufc«ifi«#<hUT&art3A/F 
•fe>-y-3 OCOfOTgSfCO^THS^fcrit. dCDA/F-fe 
>+T3 OitTtil-fe^^Eg^ttDg-SK^jtiS-t^ 

[0 112] ±ie3liS{fiJTtt. #XjgS-fe>-tf-CO 

aiT-5A/F-t>-y-3 oconTas-tfcaC -^cofdicotf 

7.jaS-t>-y-<i:LT. »S5//X«f©a3R«ft«» (NOx 
) iSS^ttSTSNOx J8£-fc>-9-l 0 Oiro^T. 

H3 3 &&m.{sxmwtz>. &*s. H3 3«. nox z§ 

1 0 0 OT5fc^cogg8$j££^T^gHg£l2T' 
£0. dCDNOx iSS-fe>+H 0 OlinrrJgcofSStKA^v 
>i/|*IlZiiX^$n. S lir^-rA/F-t>lJ-3 0 <h|B] 

tx. A&niHi i ooT«HB«c«ttanfc*aiaB 1 2 ic 

[0113] 13 3K*5HT. NOx I 0 0 

li. iiLT. B(Mt«KSEA i:-«0)fil 2 1. 

12 2*b)i^l#>ytJH2 0, gMKSE 

B <h-jt+wms 15 1. 15 2^e./«c2>K^»i-fc:;u 1 
5 0&tfH*MMWtSEB £— #<0*ffil 6 1. 162 
*6ft5N'Ox Kfl-biUl 6 OKTfl&flcSnTH*. 
LT. SftfKtfnSEA tl^WMS EB £<Dmz 
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